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ON VARIATION OF THE ROSTRUM IN PAL.E- 
MONETES VULGARIS HERBST. 

GEORG DUNCKER. 

Last summer, at the Cold Spring Harbor Biological Labo- 
ratory of the Brooklyn Institute, I investigated the number of 
rostral spines in 1050 shrimps, in order to test the relation 
between the average value of a varying character and its 
variability. 

As is well known, Verschaeffelt ('94) first assumed the ratio 
between the probable deviation of a character and its median 
to be an absolute measure of its variability. Such ratios as 
probable deviation or median average deviation, or root of 
average square deviation to mean have been called " coeffi- 
cients of variation " and have been frequently used, not only 
in merely arithmetical processes, but also in dealing with 
morphological questions ; for instance, in applying them, 
Brewster ('97) and Field ('98) meant to show the variability of 
systematically important characters to be higher than that of 
other ones. Both Davenport (see Brewster ['97] ) and Pearson 
('97) believe the higher variability of homologous characters to 
be connected with the higher average value. Dr. Davenport, 
to whom I am much indebted for his kind interest and for 
numerous suggestions during my stay at Cold Spring Harbor, 
assumes the relation between the index of variability of a char- 
acter and its average value to be similar to that between the 
errors of measurement and the length of a course measured 
by the chain used in surveying. 

Now, in my opinion ('99), there is no relation whatever 
between the average and the variability of a character. 
While the average value is determined by such conditions as 
equally affect all the individuals of a form unit, external con- 
ditions (environment, climate, food, quality of soil or water), 
as well as constitutional conditions (specific nature, sex, stage 
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of development), the variability depends upon numerous 
minute positively and negatively acting causes, a part of which 
only affects, in each case, the simple individuals of form unit 
in different combinations. Then the relative frequency of the 
individual variants in a form unit corresponds to the possibility 
of these combinations. Therefore, the causes of variation are to 
be thought of as essentially different from the conditions deter- 
mining the average value of a character in the total form unit. 
On the other hand, I assume a relation between the morpho- 
logical and physiological peculiarity of the different characters 
and the causes of their individual variation, so that the single 
characters are only able to react on a part of the sum total of 
the latter ; therefore, in allied species homologous characters 
ought to show similar indices of variability, but not necessarily 
equal average values. 

In 1892 Weldon investigated the numbers of dorsal and ven- 
tral spines of the rostrum in 915 individuals of Palcemonetes 
varians Leach from Saltram Park, near Plymouth, England. 
When I learned from Dr. Davenport that these numbers are 
markedly higher in the closely allied, if not identical, species, 
Palcemonetes vulgaris Herbst, at Cold Spring Harbor, I took 
up the investigation of 1050 individuals of the latter form in 
order to try, in at least one case, which opinion held true. If 
there existed any relation between average and variability, 
the latter ought to be sensibly higher in P. vulgaris than 
in P. varians. If I was right, the variability of the number 
of rostral spines, in spite of the higher average in P. vulgaris, 
ought to be about the same in both species. 

I shall follow Weldon and deal with the males and females 
together, for among the 1050 individuals caught in the seine, 
only 92 were males. The males are much smaller than the 
females. The empirical results obtained from P. vulgaris are 
given in a table of combinations, those of P. varians (for 
comparison) in series of variations. 

Explanation of letters used in the tables : 

/, empirical, y, theoretical frequencies ; n, total number of 
individuals investigated ; A, error between empirical and theo- 
retical series of variation in percentages of n ; A, arithmetic 
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Table II. — Constants of Variation. 





P. VULGARIS. 


P. VARIANS. 




Dorsal Spines. 


Ventral Spines. 


Dorsal Spines. 


Ventral Spines. 


A 


8.2819 


2.9781 


4-3 : 37 


1 .6984 


e 


.8145 


•4477 


.8627 


•4799 


M 


8.3079 


3-t39i 


44634 




G 


8.2395 




4.2158 




d 


•8379 




•9137 




a 


I.4666 




4-5457 




m 


3.1260 




42.2128 




T 


•2357 




114.5962 




yo 


623.86 




.212733-25 




V 


8.3632 




10.6333 




c.v. 


9-83% 


iS-°3% 


20.00% 


28.26% 



mean ; e, index of variability = root of average square devia- 
tion from arithmetic mean ; M, mode = abscissa of maximum 
ordinate (ym) of the theoretical curve ; G, geometric mean ; 
8 = -y/A 2 — G 2 (see Duncker ['99], p. 38) ; a, standard dimen- 
sion of abscissa ; m, t, exponents ; yo, ordinate of origin of 
theoretical curve ; 0, abscissa to yo ; c.v., coefficient of 
variation = 100 e : A. 

The theoretical curves, the polygons of which are repre- 
sented in PI. I, C, D, by dotted lines, belong to type IV, 
Pearson ('95) ; they are of the form, 

y =yo (cos Of'e-tg 6, 

X 

where tgO— '_ x means deviation from 0, and have been 
a 

calculated by the method A (moments not modified) of 
Davenport ('99). 

From this table we get the following results. The dorsal 
spines are much more numerous in both species than the 
ventral ones, and their variability is 1.8 times higher than 
that of the latter. The mean values of the homologous 
characters are about twice as large in P. vulgaris as in 
P. varians ; nevertheless, the indices of variability are nearly 
equal in both species, in P. vulgaris even a little lower than 
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in P. varians. Judging from the coefficient of variation, 
however, we should find the numbers of ventral spines more 
variable than those of the dorsal ones, and the homologous 
characters only half as variable in P. vulgaris as in P. varians. 
Thus the coefficients of variation give quite different results 
from those obtained from the indices of variability, and only 
the latter ones, as PI. I shows, correspond to the real con- 
ditions of variation in the four characters compared. There- 
fore, in our examples, the indices of variability alone, not the 
coefficients of variation, are morphologically significant, and the 
former are similar in homologous characters, but independent of 
their mean values. 

The numbers of dorsal spines vary regularly, according to 
type IV of Pearson ('95) in both species with negative asym- 
metry of the variation curves, that is, the modes are higher 
than the means. It is remarkable that the ordinate of origin 
of the curve of P. varians lies at 10.63 of the abscissa, even 
higher than the mean and the ordinate of origin of P. vulgaris. 
Since both species, wherever they occur, are represented by 
immense numbers of individuals, their range of variation in 
the character considered probably extends much farther than 
will be expected from the empirical results of the investiga- 
tions made by Weldon and myself. The variation curve in 
P. vulgaris is more symmetrical than that of P. varians, 
according to its small /-value. In both cases the agreement 
between the empirical series of variations and the theoretical 
one is thoroughly satisfying, the area of error between their 
two polygons remaining far behind its allowed upper limit, 

». „y IO ° 

v« 

The numbers of ventral spines vary irregularly, which may 
partly be due to their small variability. In P. varians we 
find a curve of type I (asymmetrical, limited to both sides), 
where, however, the value 5 /? 2 — 6 /^ — 9 is negative, 1 and 
where, accordingly, the index of asymmetry of this curve has 
a different sign from its third moment about the mean. In 

1 For explanation of these symbols, see Davenport ('99), or Duncker ('99). 
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P. vulgaris we get a curve of type IV, showing considerable 
asymmetry of its slope, probably in consequence of the ab- 
normal frequency of the zero variant, while the empirical poly- 
gon of variation apparently corresponds to a nearly symmetrical 
curve. Of course there is no agreement between these curves 
and the empirical series of variation. 

The correlation between the numbers of dorsal and ventral 
spines in P. vulgaris is positive, as is the rule in antimerically 
arranged homologous characters; its coefficient r=.^8y8± 
.0177. 

Besides variation in the number of spines there are some 
more individual differences in the shape of the rostrum of 
P. vulgaris, which will be seen from Figs. 2-27. The total 
rostrum may be compared with a knife, the blade of which 
is serrated on both edges, its handle bearing spines only 
on the back. In the spaces separating the spines there 
are feathered hairs in a single series ; from the smooth ven- 
tral surface two rows of hairs extend from each side down- 
ward, like the rafters in a roof. In the males (Figs. 2-5) the 
rostrum is generally more slender and its handle longer than in 
the females (Figs. 6-27). While in P. varians Weldon found 
the apex of the rostrum bifid in more than half (52.8%) of 
all the individuals investigated, in our P. vulgaris it always 
was single-pointed. 

With increasing numbers the spines stand together more 
closely and extend more forward to the apex of the rostrum 
(cf. Figs. 17 and 19 with Figs. 6 and 7) ; in case of very high 
numbers (extreme variation) they are sometimes irregularly 
arranged and of different sizes (Figs. 14—16, 18). Spines are 
rarely bifid (Fig. 13, third ventral), reduced (Fig. 20, between 
second and third dorsal ; Fig. 21, behind first ventral) or 
entirely absent in a part of the otherwise normal rostrum 
(Fig. 22, between second and third dorsal). Very frequently, 
however, especially among the smaller numbers of spines, one 
meets with curious malformations (Figs. 5, 23-27), apparently 
due to regeneration, the rostrum, on account of its exposed 
situation, suffering easily from traumatic injuries. It would 
be interesting to learn if in the course of several moltings the 
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rostrum regenerates typically, that is, according to its indi- 
vidual variation of shape and of number of spines. 
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EXPLANATION OF PLATE I. 

Pl. I. Polygons of variation of numbers of spines ; empirical polygons are 
given by continuous, theoretical ones by dotted lines. 

A, ventral spines of P. varians. 

B, ventral spines of P. vulgaris. 

C, dorsal spines of P. varians. 

D, dorsal spines of P. vulgaris. 

e, index of variability of polygon above. 

ya,ym,yo, ordinates of theoretical curves to A, M, 0, of abscissa; compare 
explanation of letters used in table, p. 624. 
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EXPLANATION OF PLATE II. 

Camera drawings of rostra. 

(Leitz, Oc. 1 ; Zeiss Obj. A,* II.) 

Figs. 2-5. Male rostra. 

Fig. 2. Normal, 6 dorsal, 3 ventral spines. 

Fig. 3. Normal, oxl. 3V. 

Fig. 4. Irregular, 8d. iv. 

Fig. 5. Malformed, 5d. ov. 

Figs. 6-22. Normal female rostra. 

Fig. 6. Normal, 5d. 2v. 

Fig. 7. Normal, fid. 3V. 

Fig. 8. Normal, 6d. 3V. (sixth dorsal broken). 

Fig. 9. Normal, ■;&. 3V. 
( Fig. 10. Small irregularities in 
(Fig. 11. position of spines, 7d. 3V. 

Fig. 12. Normal, 7d. 4V. 

Fig. 13. Third ventral bifid, 8d. 3V. 

Fig. 14. iod. 3V. irregular position of spines. 
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EXPLANATION OF PLATE II {Continued). 



Fig. 


T 5- 


Fig. 


1 6. 


Fig. 


17- 


Fig. 


iS. 


Fig. 


19. 


Fig. 


20. 


Fig. 


21. 


Fig. 


22. 


Figs 


• 23 


Fig. 


2 3- 


Fig. 


24. 


Fig. 


2 5- 


Fig. 


26. 


Fig. 


27. 



iod. 4v.) . . . 

5 irregular position or spines. 



Normal, I2d. 5V. 
Irregular position of spines, I2d. 6v. (not in table ; found later). 
Normal, 13d. 4V. 
Some spines reduced, 6d. 3V. 
Some spines reduced, 7d, iv. 

Some spines missing, $d. 3V. (abnormally small). 
■27. Malformed female rostra. 
8d. 3v. 
8d. 3 v. 
7d. 3V. 
6d. o(?)v. 
4d. ov. 
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